The supply and demand schedules for gas pipeline companies are probabilistic in form and dynamistic in nature. These factors, along with the other uncertainties associated with gas supply investment decisions, must be considered in order to properly evaluate decision alternatives.
INTRODUCTION
The populace of the world appears to have an insatiable desire for energy, for as people become more appreciative of what energy can do for them they utilize ever-increasing quantities of it. Each child demands more energy in his llfetime than did his parents and in this quest for an energy-rich Utopia in which he will be free from limitations prescribed by his physical capabilities mankind is creating an energy explosion that is far more staggering than the infamous population explosion.
By the turn of the century, less than thirty years time, the world's population is expected to be almost double what it is now, but world's annual con- and to more effectively evaluate the risks and uncertainties inherent in these types of investments.
This paper concerns a simulation approach in evaluating energy supply investment strategies.
More specifically' it addresses itself to the investment problems currently facing gas pipeline companies.
BACKGROUND
Currently, the natural gas industry is providing about one-thlrd of the energy consumed in the United States. The industry has a current investment in plant and equipment of over $40 billion, or about sixteen percent of the $250 billion currently invested in the U.S.
energy industry as a whole. 2 To meet the growing energy demands it has been estimated that $500 billion will be needed to finance investments by energy companies over the next fifteen 2"Statlstics of Privately Owned Electric Utilities in the United States," Federal Power Commission, Washington, D.C., December 1971. "1971 Gas Facts," American Gas Association, Arlington, Va., 1971 . "Annual Financial Analysis of the Petroleum Industry," The Chase Manhattan Bank, New York, N.Y., August, 1971. years. 3 It becomes readily apparent from the graph in Figure i , which represents an estimation, for the U.S., of the future production capability of the existing gas supply and the potential demand for gas, that the gas industry will probably require a considerable portion of that $500 billion if it is to remain a viable element in the energy industry. 1965 1970 1975 1980 1985 Source: Humble Oil and Refining Company
In the past, gas companies have not been greatly concerned with the uncertainties associated with supply related investments, because most of the risk was carried by gas exploration and production companies and the pipeline company simply made its investment after a gas supply was dis- shown that profit, in this instance, is maximized when supply is precisely equal to demand.
When supply is less than demand there exists an opportunity loss, for the firm is not realizing the sales volume and the subsequent profit, in the form of return on investment, that it could be reallzing. When supply exceeds demand, however, the firm has apparently drifted, in theory at least, into the situation where it has made "imprudent" investments and the regulatory agency will not allow the firm to earn on that "unnecessary" investment. Thus, a real loss occurs, which I term a risk loss. Loss, then, is variance from the perfect decision -when supply and demand are equal. In analyzing an investment alternative both profit and loss have to be considered. The goal would then be to select the alternative that optimizes the combimation of expected profits and expected losses.
The profit level of investment alternatives for a pipeline company is the resultant return on
investment. An indication of the loss level can be determined through the following function:
where:
St, Dt , Pt , and Pz are as before K6, K7 = c o n s t a n t s r e f l e c t i n g u n i t l o s s e s
The expected loss for any particular time (t) can be determined, for each investment alternative, as follows:
A present value determination of the expected loss of an alternative over the llfe of the investment can be conducted as follows:
6L t IELt I t 1 1 whet e:
EL t is as before i =annual capital discount factor n =life of the investment in years
The integral in expression (5) can be evaluated by Monte Carlo methods using a normal random number generator on the distributions of supply and demand.
Because of the real-world dynamism and uncertainty, the model developed in this paper is stochastic in nature and uses simulation techniques to evaluate the system's stochastic
properties.
The basis for the simulation is that each relevant variable that is being esti-mated, or for some other reason is not known precisely, is considered to be a random variate.
A known, or assumed, probability density function is applied to each of these variables to "simulate" its degree of unknownness (for want of a better word). The model enables the user to utilize bbth subjectively defined density functions and quantitatively determined functions.
As an example of a subjective function, suppose the value of a particular parameter is estimated to be i00 units and the estimator feels that there is a 50-50 chance the real value will fall within +-i0 units of that estimate (and the associated density function is assumed to be normal).
Since the 90-110 unit interval contains half the total probability, the probability of the true value lying above ii0 is 25
percent. This means that O'W) must have a value such that : F I
, 0i001
From the normal tables, The output of these models is the estimated supply parameters resulting from conventional natural gas production, nuclear 4A more detailed discussion of each of the submodels is exhibited in the Appendix. In view of all these uncertainties and variabilities, the most logical thing to do would be to wait for the processes to become commercially available before making the selection. That would take the guess work out of the decision, but that is not feasible, for the promoters of these processes are demanding development capital and, in order to receive the benefit of ~arly use of one of these plants, commitments have to be made now. These commitments are extremely large, for the cost of building one of these plants is on the order of $250-$300 million.
The three types of processes presented in this paper are termed A, B and C. Process A is closest to being commercially available in that a portion of the process has been in use for quite some time. There is the smallest risk associated with this process, but is has a low efficiency so its estimated gas price will be greater than the others. It iS anticipated that this process will be the first to be available for use -possibly by 1977. It is estimated that process B will result in the cheapest gas price and will require less investment than the others. At the same time, however, it will probably have higher operating costs. It is estimated that this process could be used by The results of the investment alternatives are shown on Table 1 through Table 3. 5 For the • 6These values are calculated by dividing the annual income figures by 8-1/2 percent, which is the assumed hypothetical rate of return. 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Year 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 The objective has to include the present values of both income and opportunity costs. The income Nuclear Supply -The supply, prices, return, and respective variances for nuclear stimulated gas production are estimated on a subjective basis with consideration being given to various political and technological problems which might be encountered. The prices and return are as discussed in the Conventional Supply section, above.
Year
The subjective density function associated with this "sub-model" is defined according to the procedure outline in the paper.
Coal Supply -Prices, return, and their respective variances for coal hydrogenated gas is determined through a computerized simulation model. This model considers the level of investment required for a particular hydrogenation process and calculates a gas price that would be required to earn a specified rate of return. I
The variables that are being estimated (and therefore treated as random variables) are: The supply of hydrogenated gas and its related variance is subjectively estimated, with consideration being given to the reliability of the technology involved and the degree to which that technology has been proved through actual application. One of the biggest factors in this consideration is the variability associated with the estimation of the earliest "on stream" date for one of these plants. lit might be well to point out that the same type of simulation model could be developed for the conventional and nuclear supplycases.
It is felt at this time, however, that the subjective aspects of these analyses negate the need for such sophistication. Opportunity costs are basically measures of variance from the perfect decision and, as mentioned before, arise in two instances -when demand exceeds supply, in which case profit opportunities are not fully utilized, and when supply exceeds demand, in which case an overinvestment has been made and the utility regulators will disallow a return on that "imprudent" investment. These income and opportunity cost counted to the present to arrive at a present value figure so that comparative analyses can be conducted for the various investment alternatives.
The general logic in this model is exhibited on 
